O dontogenic keratocysts (OKCs) arising in the maxilla are classically small, unilocular lesions that rarely involve the maxillary sinus. This paper familiarizes the plastic surgeon with the clinical, radiological and histological features of six extensive maxillary OKCs and the complications associated with their management.
REVIEW OF THE LITERATURE
The OKC is a clinically aggressive keratinizing epitheliallined cyst of the jaw. Phillipsen (1) first used the term 'odontogenic keratocyst', and it was described as a distinct entity by Shear in 1960 (2) . Shear (2) and Pindborg and Hensen (3) subsequently documented its typical histological features. The majority of cysts grow slowly and asymptomatically at the expense of the medullary bone, and can become extensive before any clinical manifestations are apparent (4). Brannon (5) reported that 50% of all OKCs are detected as incidental findings on radiographs and the remainder are due to secondary infection. The OKC is notorious for its high recurrence rate, with reports ranging from 10% to 62% (2, 3) . In approximately 10% of cases OKC is associated with the basal cell nevus syndrome (4, 6) ; rarely it is linked to the development of malignancy.
OKCs account for between 3% and 11% of all jaw cysts (6, 7) . OKCs occur predominantly in Caucasians (5, 6) and are more common in males than in females (5, 6, 8) . There is a wide age range of patients, with a peak frequency in the second and third decades (5, 6, 9) . OKCs found in the maxilla reportedly occur in older patients (10, 11) . The mandible is affected more frequently than the maxilla (ratio 2:1 to 3:1) (5,6). The majority of mandibular OKCs occur in the ramus and third molar area, followed by the first and second molar area and, lastly, the anterior mandible. In the maxilla, the third molar site is most common, followed by the canine region (2) .
Radiographic features typically include a well demarcated, unilocular radiolucency in bone with a distinct sclerotic margin (10) . However lesions can have scalloped margins, giving a multilocular appearance that is more frequent in larger lesions (13, 14) . OKCs of the mandible exhibit little buccolingual expansion and may extend throughout the length of the bone. Although most have a distinct boundary of cortical bone, perforation of the cortical plates and in-volvement of adjacent soft tissues is possible. These features are more accurately imaged by computed tomography (CT) than conventional radiography (5) .
OKCs are often clinically and radiographically indistinguishable from other benign cystic lesions (16, 17) . Histopathological examination is required for definitive diagnosis. These cysts are characterized by the following: an ortho-or parakeratinized lining, typically corrugated and without rete ridge formation; a uniform seven to 10 epithelial cell layer thickness; and a well defined basal layer with prominent, polarized and intensely stained nuclei of uniform diameter (12, 18) (Figure 1 ). The cyst lumen may contain varying amounts of keratin. The growth of OKCs is likely due to high mitotic activity of the epithelium and low cystic fluid osmolality (9) .
Various investigators have examined the histological variants of the OKC and their clinical features (5, 11, 13, (20) (21) (22) . Crowley and co-workers (23) reviewed 449 cases of OKCs and categorized them based on their cystic lining. Results showed that 86.2% were parakeratinized, 12.2% were orthokeratinized and 1.6% had features of both, with no statistically significant difference between variants with respect to age, race, sex, presenting symptoms and clinical impression. The orthokeratinized form was more often associated with an impacted tooth (75.7% compared with 47.8% for parakeratinized) and a reduced recurrence rate (2.2%, while parakeratinized OKCs recurred in at least 42.6% of cases) (22, 23) .
Brannon (5) reviewed 167 cases for which a provisional diagnosis was submitted and found that only 5% were correctly identified as OKC. Similarities exist between OKC and basal cell carcinoma in that they both exhibit locally invasive, slow spreading, nonmetastatic growth patterns; histologically both are characterized by darkly staining, polarized basaloid cells that are palisading and can show areas of keratin formation. In the basal cell nevus syndrome OKCs and basal cell carcinomas are known to occur together.
The OKC has also been contrasted to the ameloblastoma and dentigerous cyst with respect to mean age of occurrence, site predilection, radiographic presentation and recurrence rates.
The tendency for recurrence has been attributed to the OKCs unique histological, chemical and physical features (8, 20, (22) (23) (24) . Voorsmit, Stoelinga and van Haelst (25) demonstrated the presence of microcysts in the mucosa overlying recurrent lesions; they recommend excision of overlying mucosa at cystectomy. They proposed that recurrent keratocysts may develop in one of three ways: cystic epithelium left behind gives rise to new cyst formation; daughter cysts in the wall of the original cyst are left behind; or new keratocysts develop from epithelial offshoots of the basal layer of oral epithelium (25) . While methods of treatment that might result in fewer recurrences have been suggested (7, (25) (26) (27) , there are relatively few long term follow-up reports demonstrating the efficacy of the procedures (25) . Because of the propensity of OKCs to recur, a follow-up period of at least five years is recommended (28) . However, case reports of recurrence as late as 37 years following primary cystectomy have been reported (29) .
Although atypia of the cyst lining is uncommon and frank malignant degeneration is rare, squamous cell carcinoma arising from an OKC has been reported (5, 30, 31) . The summarized findings in reported cases of carcinomas arising within an OKC typically demonstrated a radiolucent lesion with occasional 'sunburst' appearance. The World Health Organization has included carcinomas arising from ex-odontogenic cysts as one of the three broad classifications of types of primary intra-osseous squamous carcinoma of the mandible.
PATIENTS AND METHODS
Six patients with extensive, new or recurrent OKCs of the maxilla were identified. Their presenting complaints were noted along with their age, sex and presence of orbital, nasal, sinus and/or dental involvement. Lesions were treated with combinations of enucleation, excision of overlying mucosa, application of Carnoy's solution, partial or hemimaxillectomy. Patients were monitored for recurrence and their follow-up periods were recorded.
RESULTS
The results of the six patients are summarized in Table 1 . All six patients were female ranging in age from 14 to 66 years, mean 28.6 years. Four of the six lesions caused buccal swelling. One case produced orbital signs (proptosis) but did not actually encroach into the orbital cavity. Two cases involved the nasal cavity. All six lesions involved the maxillary sinus. Of the six lesions, five were associated with impacted teeth. 
DISCUSSION
There is significant controversy among clinicians concerning the optimal treatment of OKC. As a result, a wide range of treatments have been proposed (Table 2) .
Proponents of a conservative approach to surgical management cite preservation of adjacent bone, soft tissue and dental structures, reduced morbidity and shorter hospital stays as some of the many advantage (6, (32) (33) (34) . These supporters feel that total enucleation or curettage with or without a 'periapical ostectomy' is adequate provided the entire specimen is excised with minimal or no fragmentation. The OKC's characteristically thin and friable lining, however, can make its removal in one piece difficult, if not impossible. Forsell et al (28) demonstrated that recurrence was significantly lower in cysts enucleated intact versus those in which the lining was removed piecemeal.
The high recurrence rate associated with the OKC has usually been attributed to the presence of satellite cysts. Brannon (5) demonstrated histologically that these daughter cysts are confined to the fibrous wall of OKCs; if the fibrous capsule is completely removed, no satellite cysts will remain to serve as a nidus for recurrence. Satellite cysts have not been demonstrated histologically or radiographically to oc-
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Odontogenic keracysts of the maxilla (25) . Marsupialization is believed to accomplish a number of beneficial changes in the OKC, including reduction in the cystic lumen, and alteration of the epithelium from thin and friable to thick and solid with no adhesion to adjoining structures. Brøndum and Jensen (24) treated 12 large cysts with marsupialization before primary cystectomy and found no recurrence during observation periods ranging from seven to 17 years.
Carnoy's solution was introduced by Cutler and Zollinger (35) in 1933 as a treatment modality for cysts and fistulae. Carnoy's solution comprises 6 mL absolute alcohol, 3 mL chloroform, 1 mL glacial acetic acid and 1 g ferric chloride. This solution has the qualities of moderate boney penetration with rapid local fixation of the lining cells and excellent hemostasis. Voorsmit, Stoelinga and van Haelst (25) reported a decreased recurrence rate in patients treated with careful enucleation, use of Carnoy's solution and excision of overlying mucosa (2.5%), compared with enucleation alone (13.5%). Carnoy's solution is thought to reduce the potential of recurrence by destroying cyst wall remnants and daughter cysts inadvertently left behind at the time of cyst removal.
The bony defects left in the maxilla by the OKCs in five of our six cases were treated with Carnoy's solution. A particular concern with the use of the solution is its diffusion through the thin orbital floor and potential damaging effects on the orbital contents.
Long-lasting neurotoxicity has been reported in cases involving the mandible where the inferior alveolar nerve has been located within the cyst treated with Carnoy's solution. Frerich and co-workers (36) studied the critical exposure time for Carnoy's solution by decorticating 1 cm of the inferior alveolar nerve in rabbits and soaking it with modified Carnoy's solution for periods ranging from 2 to 5 mins. Those authors concluded that contact of a peripheral nerve with Carnoy's solution carries a time-related risk of producing acute sensory impairment and recommend restricting exposure to 3 mins or less whenever the nerve is unprotected.
The extent to which Carnoy's solution might diffuse through maxillary bone into the orbital cavity is unknown. Notwithstanding the potential effect on the peripheral nerves in this area, the possibility of necrosis of orbital fat and subsequent enopthalmus cannot be ruled out and deserves further study. For these reasons the region of the cystic cavity adjacent to the orbital floor was carefully protected with petroleum jelly gauze before application of Carnoy's solution.
Long term follow-up of OKCs with annual radiological examination is recommended for at least five years following surgery and will detect most recurrences (24) . However, because it is often difficult to diagnose recurrence in the maxilla, some authors recommend CT or magnetic resonance imaging (MRI) for patient follow-up (10, 14) . In consideration of the extent of the lesions presented, and the often insidious nature of their growth pattern, we recommend that bi-annual patient examination with plain radiography be supplemented with yearly CT scan or MRI for the first five years to detect the presence of recurrent lesions, with annual clinical examinations thereafter.
